In this study our previously described selected method, a biuret procedure with deproteinization, for the determination of spinal fluid protein is thoroughly discussed against the background of the results found with a number of Lowry modifications. The use of various Separation techniques, i.e. deproteinization, Ultrafiltration and chromatography (HPLC), for protein analysis ledj;o the question äs to whether low molecular weight proteins in cerebrospinal fluid play an important role or not with respect to the choice of a selected method for the determination of total protein.
Introduction
In a previous article on the determination of total protein in cerebrospinal fluid we briefly reviewed a number of techniques with a view to recommending a useful and well standardized method (1) . To achieve uniformity with the treatment of serum and plasma, and for the sake of ä figidly defined Operation, we chose the biuret teehnique.
Since then our experience with this method has grown, and we have üsed it in several studies. We still feel that this method was correctly chosen.
Nevertheless our curiosity with respect to the existence of the various Lowry variants remained. A number of them are well documented and, justified by their sensitivity, very populär in biochemistry and clinical chemistry (2, 3, 4) . Moreover, in the above mentioned studies we sometimes found a non explainable difference between our biuret method and our routine method for estimating protein in spinal fluid, which is a Lowry mödification (5), although both methods normally correlate very well. Therefore we decided to compare in detail a number of Lowrylike techniques with our biuret method. It seemed appropriate in this comparative study to use various Separation techniques, i.e. deproteinization, ultrafiltration and high performance liquid chromatography (HPLC).
Materials and Methods

Materials
The materials used in this study were, where possible, of p. a. quality, and 1 handled exactly according to the instructions described in the various procedures (see Methods).
The CSF samples were stored up to two weeks at + 4°C before use.
Methods
A very short description of all methods is given below. Fof more details the reader is referred to the original articles (see References). (5) Abbreviation: Papadopoulos.
Lowry modification according t o Papadopoulos
Spinal fluid is diluted with sodium carbonate solution and mixed with copper sulphate solution and, aftef Standing, phenol reagent is added.
Lowry modification according to Peterson(6) Abbreviation: Peterson without deproteinization.
Spinal fluid is diluted with water and aftefwards this solution is mixed with a reagent containing copper sulphate, potassium tartrate, sodium carbonate and sodium dodecyl sulphate. Finally, phenol reagent is added. (6, 7) Abbreviation: Peterson with deproteinization. Jhis method closely resembles the foregoing method 2 except that there is no dilution with water, and deproteinization is performed with sodium deoxycholate and trichloroacetic acid solution.
Lowry modification according to Peterson with deproteinization
t f
Lowry modification according to Rieder (8) Abbreviation: Rieder.
Spinal fluid is added to two Solutions: one containing copper sulphate and one without copper sulphate ("blank"). After standing phenol reagent is added.
Biuret procedure (1) Abbreviation: biuret.
Spinal fluid is deproteinized with trichloroacetic acid or phosphotungstic acid. The pellet is dissplved and mixed with biuret reagent. 
Results
We started the study by comparing the various Lowry modifications described under Materials and Methods with our biuret technique. In the first instance we decided to use the same Standard for all methods i.e. human albumin, although we were aware of the difference in colour intensity of the various protein fractions with the Lowry method. In trying to find an explanation for these phenomena we decided to study the influence of the Standard first. This was only applicable to the Lowry modifications because with respect to the biuret technique the various protein fractions did not show any differences (1).
In figure 2 the results of the various determinations are given.
From figure 2 it seemed clear that the contribution of the Standard composition to the differences between the methods with and without deproteinization mentioned in figure l, could only be moderate if present at all.
So we continued by using the technique of ultrafiltrtipn. By means of our fo tine method for determining protein in spinal fluid (see Method Papadopoulos) a nurriber of'CSF samples were estimated prior to Ultrafiltration. After the tiltrafiltration these samples were diluted with saline to the same volume s before and again estimated with respect to the protein content. The ultrafiltrate was estimated s well.
All results are given in figure 3 . The results tabulated in figure 3 gave rise to the question s to whether the ultrafiltrate protein content caused the differences mentioned in figure l. Therefore we feit the need to combine all experiments while making use of the possibilities of high performance liquid chromatography (HPLC). With our Instrument and our gel permeation column we were able to make a rough Separation between proteins of molecular weights ranging from several hundred thousands to about two thousand. An overall chromatogram for spinal fluid is given in figure 4 .
applied the biuret äs well äs the Lowry reaction to these samples. In figure 5 the results are given. The protein positive fractions are shaded.
• Eluate Diluted serum, which we used many times in preliminary experiments, showed a comparable chromatogram, with the exception of that part where low molecular weight proteins are recorded (part A). That part proved to be flat.
Then we analysed the supernatant fluids of the various deproteinized spinal fluid samples (deproteinization with phosphotungstic acid äs well äs trichloroacetic acid). In all experiments deproteinization proved to be nearly complete with two minor exceptions in the higher molecular weight ränge (see figure 5 , part B arrows). we did not study possible differences between phosphotungstic acid and trichloroacetic acid. In figure 5 only the chromatogram with trichloroacetic acid is given because in part A the phosphotungstic acid complex is superimposed on the rest of the peaks.
The analysis of the ultrafiltrates of spinal fluid gave almost identical pictures with one important exception, i. e. part B of the chromatogram was flat.
It is clear from figures 4 and 5 that we focussed our attention on the substances that showed absorption at 280 nm and were recorded in part A of the chromatogram. In the first instance we wondered whether these fractions were protein-containing ör not. We concentrated them by lyophilization and Finally, we tried to obtain a quantitative irnpression of the low molecular weight proteins äs compäred with the higher inolecular wqight proteins (part A and part B). We applied the most sensitive method i.e. Peterson's Lowry modification without deproteinization (see Methods) to all fractions. The HPLC column was loaded three times with a spinal fluid sample. After fractionation, lyophilization and dissolution in 0.3 ml saline all fractions were measured. In figure 6 a protein histogram in combination with the recorded chromatogram is given.
Discussion
Reviewing all experiments described under Results äs well äs the experiments mentioned in our previous article we had to consider the interesting Situation of possibly disavowing our Suggestion for the use of the biuret method äs the reference method for the determination of total protein in cerebrospinal fluid. It is clear from this study that the low molecular weight proteins (see flg. 4, 5 and 6) play an important role in this reconsideration process.
As mentioned earlier, striking advantages of the biuret procedure were the ease of Operation, including stability of the reagents, the equality of the colour intensity of the various protein fractions and, last but not least, the uniformity with the serum procedure.
In this study we paid more attention to several Lowry modifications. Not all these modifications were developed especially for spinal fluid analysis but we saw no reason for not applying them.
One important remark has to be made first before studying the results. Because albumin is used äs a Standard, the Lowry results are slightly incorrect (roughly 10% too high); this can be seen from figure 2, and by considering the ratio albumin/globulin in spinal fluid. Therefore a qualitative (semi quantitative) Interpretation is more appropriate.
As can be seen in figure l interesting differences appear when comparing these Lowry techniques with our biuret method, especially against the background of our findings with high performance liquid chromatography.
There is a striking correlation between the Lowry procedure with deproteinization and our biuret method (flg. l c); this also seems to be true for the accuracy of the methods. Both the methods without protein precipitation give pictures nearly identical with thpse from the biuret procedure (see fig. l a and  b) . We feit inclined to ascribe the differences found in all these comparisons to the incompleteness of deproteinization. Indeed there is some confirmation of this view in the chromatograms ( fig. 5 and 6 ). However, the Lowry modification accprding to Rieder does not use protein precipitation. The only difference between this method and the other two is a blank correction for Lowry positive substances, such äs some amino acids and other organic acids. Rieder's method is well correlated with the biuret technique ( fig. l d) . Knowing that the low molecular weight proteins are coloured with Lowry's reagent in the Rieder method the experiments shown in figuresla and b and figure l d do conflict to a certain extent, since these proteins are not or only partly precipitated in the biuret procedure. Therefore the question arises of whether this fraction is sufficiently important to influence our biuret procedure. We have not studied the nature and the quantity of this fraction in detail.
Since the cut-off level of the membrane used in the ultrafiltration experiments is about 10000 daltons, the molecular weights of the substances in part A ( fig. 4 and 5) are probably lower than 10000.
According to our experience with a number of proteins of varying molecular weights (9 proteins, molecular weightsjranging from 3000 to 160000) we have estimated the molecular weights of the protein(s) of peak 3 to be about 7400 and those of peak 2 to be about 2000. We do not yet know how many proteins are involved in the low molecular weight part of the chromatogram (9, 10) . From the data given in figure 6 it can be calculated that the low molecular weight proteins comprise 15-20% of the total protein content of spinal fluid in the pool studied. The question arises whether this part has a clinical significance or not. We cannot yet answer this question. It is known that spinal fluid can contain varying amounts of low molecular weight proteins, depending on different pathological conditions (11, 12) . In fact we have seen differences in the various spinal fluid samples used in this study. These samples were chosen at random. In a future study we hope to investigate this phenomenon further.
Considering all the methodological data, it is clear that two questions still remain, i e. the value of the deproteinization procedure of our own biuret method and the value of the various Lowry procedures. With respect to the first question it became clear from this study that the deproteinization is not quantitative, despite our earlier optimism. We have reasons to believe that the deficit is not the above mentioned 15 -20%. However, the exact quantity is a new matter of study, äs well äs the problem of how to precipitate all proteins, especially all low molecular weight proteins.
Concerning all comparisons with Lowry ( fig. 1) , there is in our opinion, no reason to consider changing our original methodology and choice of a reference method. There is some uncertainty äs to what is really measured by the Lowry method, which must be considered a disadvantage. This includes the possible different contributions of the various protein fractions in spinal fluid ( fig. 2 ). Calibration with human serum (diluted) will give somewhat lower results for the Lowry like methods than the results shown in figure l while the biuret data are maybe low because of the possible deficiency in the precipitation step. It is very difficult at this stage of the study to make a clear choice.
This attempt to clarify certain discrepancies has therefore developed into a new study of the protein content of spinal fluid. We hppe to report more fully on this aspect in the near future.
